I.-Introduction
A well accepted characteristic of the process of development of national economies is a relative contraction of the agricultural sector with respect to the rest of the economy as countries become wealthier. This stylized fact probably first formally documented by Kuznets (1957) is by now an accepted feature of the process of economic development. A similar and related process can be observed in the rural economies. As countries grow, agriculture becomes less important in their rural economies as the rural non-farm (RNF) sector of manufactures and services grows faster than farm output. This transformation in the rural world, should also be accepted as a feature of economic development, and has been formally documented by Reardon et al. (1998) , and more recently by Davis et al. (2007) , among others.
The first macroeconomic transformation has important implications for the role of agriculture as an engine of growth and development, and is an issue that has been amply studied in the literature since very early. The second transformation in the rural economy also has sectoral implications that have been studied, less extensively, mainly from a sectoral perspective using Social Accounting Matrices (SAM) and Computed General Equilibrium Models (CGEs) (see for example Haggblade et al. (1989) , Vogel (1994) , and references contained therein).
However, the growth of the RNF economy also has important microeconomic consequences in the economic behavior of rural households that comparatively has been largely ignored in the literature.
In this document we study the linkages between the agricultural and non-farm sector, and take a microeconomic view at the relationship between sectors within the household.
Using Ghana as a case study, we try to determine if there are productive linkages within the household, or equivalently a household level multiplier, which would make diversification beneficial for rural households. The existence of this type of linkages would warrant the policy promotion of the RNF sector in case of barriers to entry (like education or access to credit), or other market failures that could hinder its development.
The sectoral relationship between agriculture and the rest of the economy has been chief among concerns of economists since early development economists. Given that agriculture is the most important sector of an economy at early stages of development, economists like Hirschman (1958) explored the input-output linkages between agriculture and the rest of the economy. In what amounts to an historical mistake, according to Anríquez and Stamoulis (2007) , Hirschman argued that agriculture's backward linkages, i.e. the capacity of the sector to "pull" the rest of the economy by increasing intermediate input demand when it expands, were very low, therefore it was not a sector worth promoting. This became the common understanding, and agricultural economists who wished to promote the sector started focusing in consumption linkages. Work like that of Haggblade et al. (1989) began showing that the sector's household demand multiplier was very high. This means that when agriculture grows, rural household income grows and the additional household demand caused by agricultural expansion has a very high multiplier effect across the rest of the economy, particularly in closed economies, which is in practice the case of many developing rural economies due to high transaction costs. Additionally, agricultural economists focused in forward linkages, or how agriculture act as an input for downstream activities like the food processing industry or the hospitality services industry 1 .
The conclusions of this sectoral and macro view is that productive linkages both forward and backward linkages are more important at early stages of developments. Forward linkages tend to fall relatively less rapidly, as this type of linkages also grow with development. If one adds the household accounts to this multiplier analysis, as done with a Social Accounting Matrix (SAM), one discovers that demand multipliers are high at early stages of development (see Vogel (1994) ). Not all of these linkages are accounted by agents, some of them are externalities, for example the expansion of the non-farm sector causing cheaper input supply for farmers. There are of course many nuances in these sectoral linkages, some agricultural activities by their nature have higher forward linkages; for example when they are marketed as processed food, while other have inherently less linkage potential (see for example case studies in Davis et al. (2002) ).
The Ghanaian Rural Non-Farm Sector
During the 1990's the Ghanaian economy experienced positive per capita growth which manifested in an important reduction of the national poverty rate by roughly ¼ from 51.7% in 1991/92 to 39.5% in 1998/99 (see Table 1 ). The picture in the rural economy, the focus of our study, is less clear. There is an inconsistency between on the one side national accounts figures, which indicate very little growth in agricultural value added per capita; and on the other side, the big gains in household expenditure (and consequently reduction in poverty), and the growth of agricultural production per capita reported by FAO. Part of this inconsistency of maybe slow agricultural growth and fast rural poverty reduction is explained by a fast expansion of the rural non-farm sector. For example, Table 1 shows that non-farm self-employment income grew in rural Ghana from 11.9% of total household income in 1 See for example Valdés and Foster (2003) .
1991/92 to 23.6% in 1998/99. These big micro-economic changes in rural households in Ghana are likely to have important impacts in farm production as well.
In this study we precisely explore the changes brought about by this transformation of the rural economy where the RNF sector is increasingly more important. The first question regarding specifically the farm sector is whether an expansion of non-farm output is hindering the expansion of the farm economy by competing for scarce household inputs, or instead households are able to benefit from economies of diversification. Furthermore, we explore what type of transformations in the composition of input demand can be expected from this transformation of the Ghanaian rural economy. For example, is RNF output helping households fund input purchases in the absence of working credit markets? Another important question addressed in this paper is whether the expansion of the non-farm economy within households is increasing the technical efficiency of farmers.
The next two sections present the theoretical framework of our analysis: a microeconomic analysis of household level linkages between sectors, and the input distance function used in our empirical study. The fourth section discusses the econometric and empirical issues associated with the estimation of a stochastic distance function. Results of our empirical analysis are presented and discussed in the fifth section, followed by concluding remarks.
II.-Household level linkages between farm and non-farm production.
As it has been established before, when input and output markets are working efficiently, price-taking households behave as a 2-part decision making unit: choosing consumption bundles that maximize welfare given income; while at the same time choosing input and output sets that maximize profits or minimize costs (which are equivalent in this case).
However, when market failures are present (cash-constraints, missing markets, information failures, etc.) as agricultural economists like to argue is the case with poor rural households, then production and consumption decisions are taken jointly. In this latter case we expect linkages between farm and non-farm production to be more pronounced; however, even in the case of the "separable" decision-making households, linkages at the production "technology" level may have welfare implications. We try to identify more transparently the underlying relationships.
Households are assumed to maximize a quasi-concave utility function: , which depends positively on the consumption vector c, and the consumption of leisure time,
which is the remainder of the total available time T minus worked time (labor supply) . This maximization is bounded by the budget constraint:
In this constraint the total consumption is valued at market prices j p , and the time allotment is valued at the opportunity cost of time, that is, the available market wage rate (note that the price of non farm output is used as the numeraire). Total consumption can not be higher than the income generated by the household, which is equal to the value of available time plus exogenous income E, plus the rents of producing farm output and non-farm output (note that these same outputs are measured as consumption quantities in the c vector). These rents are net of the costs of inputs, purchased variable inputs The welfare maximization is also bounded by technology, which we manifest here with the aid of an implicit production function as:
where K represents fixed (in the medium term) assets and household characteristics like land, capital, and human capital. Finally, the solution to the household welfare maximization is also bounded by non-negativity of the variables, all inputs, outputs, and consumption goods must be non-negative.
We refer the reader to the still excellent Singh et al. (1986) for details on the separability of this household model when households are price takers in the inputs and goods markets. Further, if we are willing to make the additional assumption that households minimize costs of producing a given amount of output, we can merge the budget constraint and the technical constraint into one:
where the function ( ) C ⋅ is the cost function defined as:
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Let us isolate consumption and production effects by assuming first that households are price takers in perfectly working inputs and output markets. In this case production 6 decisions are taken separately from consumption choices. We consequently have that production sets are chosen to maximize the income necessary for consumption (even though part of production may/should be consumed):
The first-order conditions for this income maximization problem are simply , and
. Differentiating the first condition with respect to the output vector (and not with respect to prices as the household is a price taker) and rearranging we obtain:
This means that farm output can actually increase after an exogenous increase in non-farm output if there are cost complementarities, i.e. 
Cost Complementarities and Economies of Scope
The concepts of cost complementarities and economies of scope are related, but are not the same. Economies of scope refer to the case when it is cheaper to produce goods jointly than to produce them separately, formally: ( 0, ; , ; ) ( , 0; , ; ) ( , ; , ; ) ( , ; , ; )
There are two separate sources for economies of scope. One is the savings in fixed-costs if the fixed costs of joint production are lower than the separate fixed costs, in our case:
. The second source for economies of scope is cost complementarities which are caused by the joint usage in production of variable inputs, or other cost saving mechanisms implicit in joint production. Note that these sources (fixed costs economies and cost complementarities) can act in opposite directions and still observe economies of scope; in particular if there are anti-cost complementarities, there could still be economies of scope if these anti-cost complementarities are not large enough to completely eliminate the fixed costs economies:
2 We are implicitly assuming that however, what is important is not the nominal value, but the value of these fixed costs relative to variable costs. In this sense, the housing infrastructure is usually the largest fixed asset of a poor household and is necessary for farm and non-farm operations.
• Distribution of variable inputs that are useful in both operations. Even in the poorest household there is this type of complementarity as food is an input for labor productivity in both sectors, and labor effort itself can be shared across outputs. For example marketing efforts for one type of goods can be use to market the other type of good.
• Cost complementarities caused by externalities. For example, a non-farm activity could be human capital forming (i.e. book keeping, budget management); skills that could be useful for more efficient management of the agricultural operation. This type of complementarities are externalities because they may not be internalized by the household in their decision-making process.
• Inputs for the other operation are produced below the market price. Likely, this type of cost-complementarities arise when a farm input or by-product is used in the non-farm operation; and this input is produced at a shadow price lower than the market price.
These economies are expected, particularly in food processing activities and animal and plant based textiles.
Thus, we expect that even in very poor rural settings to observe important and measurable economies of scope and cost-complementarities.
Non Separable Household Model -Missing Labor Market
In the case of the Ghanaian rural economy, the assumption of a working labor market, with a given wage rate at which labor is freely traded, seems very unlikely. In a cross-country study of 15 developing countries, Davis et al. (2007) , showed that the share of wage income (agricultural plus non-farm wages) in household income in rural Ghana is the lowest in their sample (9-11%), and only comparable to Nigeria. These shares indicate quite starkly that access to paid labor markets is very limited in rural Ghana. Before entering into the details of the model, it is straightforward to understand that when only family labor is available, then there is no market wage rate, and the implicit shadow wage rate has to be calculated in the equilibrium between the disutility of the effort and the productivity of the same effort in generating welfare improving income. Thus, utility and technology jointly, not separately determine the effort, the income, and the consumption choices of the household.
With missing labor markets, assuming that non-negativity constraints are not binding, we can define the household equilibrium with two equations:
w T e C w − = .
Where we are using the expenditure function ( ) e ⋅ to value consumption, which is defined as:
Equation (7) defines the intra household labor market equilibrium, it solves for the shadow wage rate, , at which the supply of labor (i.e. the residual of the demand for leisure), is equal to the labor demand schedule from the productive side of the household. As there is no external labor to be hired, or external demand for labor, the implicit shadow wage rate is determined within the household. The amount of labor employed in the household can be obtained by evaluating either side of * w (7) at the shadow wage rate which solves (6) and (7) jointly.
Totally differentiating (7) and re-arranging terms we get the effect of increasing output on the shadow wage rate:
The denominator of (8) 
Therefore, in the absence of a working labor market, the production linkage between outputs is lower. The cost complementarity effect is reduced because an exogenous increase of farm output generates an increase in the marginal productivity of labor, an increase in the shadow wage rate, which reduces the demand for labor in the production of the non-farm sector. We also note that the pure labor effect of expanding the output in one sector is negative for the output of the other.
Cash Constraints
In the literature the non-farm economy is many times seen as an escape route when agriculture is failing, but also as an alternative source of cash as working capital when financial markets are not present or working (see for example Reardon et al. (2007) ). To analyze the intra-household effect of this type of behavior, we assume a separable household model again, to isolate the cash-constraint effect. In this case the household maximizes income as described in (4), but subject to the constraint:
where N Q is the minimum level of farm output to guarantee cash for food and inputs. The first order conditions are simply and:
where μ is the lagrangian multiplier associated with minimum non-farm output constraint. In this case we can not calculate , because the household is at a corner solution, however several conclusions can be derived from
First, the household producing more than optimal, which means that the non-farm sector is producing at a loss as the marginal costs (1 N Q μ + ) exceeds marginal revenues at only 1. In the presence of cost complementarities, an exogenous increase in farm output reduces the efficiency losses. From (11) it can be shown that:
Thus when cost complementarities exist, even for the cash constrained household there is an income effect larger than when there is an exogenous expansion of farm output.
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Furthermore, the existence of cash constraints has different testable manifestations. As we explain above the non-farm sector is operating at a loss. This arises from the fact that, as opposed to the unconstrained household, all shared variable inputs including labor are producing in the non-farm sector at a lower value of marginal product than in farm production:
Another testable implication of the constrained household is that it is not operating at the optimal point of its production possibility frontier:
Another important reason argued in the literature for rural household diversification into the non-farm sector is a risk management strategy that may help consumption smoothing through low agricultural output years, or through the low season. We do not explore this type of linkages here; however, a theoretical and empirical assessment of this type of linkages is necessary. This analysis requires the consideration of the intertemporal dimension of household welfare maximization, as well as risk.
III.-The Input (Shepherd's) Distance Function
To have an empirical assessment of the technological linkages between farm and non-farm production of rural Ghanaian households we estimate an input distance function. An input distance function, which is defined as:
is a complete representation of the technology. In (13) T represents the technology, i.e. the technologically feasible set, L(Q) represents the input requirement set, i.e. all input combinations that can produce the output bundle Q, and x represents an inputs vector. The function describes the largest radial contraction of inputs that leaves the production of a certain output bundle Q still technologically feasible. This radial contraction is special in the sense that it contracts all inputs by the same proportional amount. This radial contraction is described for a two-input example in Figure 1 , where the input set A is producing the output bundle Q, but this input set could be proportionally contracted up to point B and still producethe same output bundle. In this example the value of the distance function is OA/OB. The figure also shows how the input distance function has to be greater or equal to one, and with strict equality when technical efficiency is achieved, i.e. the chosen input set lies exactly within the isoquant. As the input distance function fully represents the technology there is a direct correspondence:
We choose to estimate a distance function, because there is a direct relationship between the cost minimization hypothesis, the cost function, and the input distance function;
therefore all the cost function properties discussed in the previous section are obtained in a straightforward fashion from the distance function. Furthermore, we prefer the input distance function over the cost function in our case because it does not need reliable price information in order to estimate. What are largely the two most important inputs of agricultural production, land and labor, have extremely underdeveloped markets in rural Ghana. This means that each household has its own shadow labor price which we ignore, and with very few land trades it is very difficult, even for farmers themselves to get an accurate value and price for land. Furthermore, even food crops are not always traded, which means that the market price is not always the relevant shadow price in household production.
Since the inputs and output bundles that are technically feasible are represented by , we can express the cost function as:
Applying the envelope theorem to the maximization problem associated with (14), we get:
where η is the multiplier of the optimization problem associated with (14). We can uncover η , using the first-order condition of (14) with respect to inputs we get,
if we further multiply by the input and sum over all input first order conditions we get:
. Since the distance function is homogeneous of degree 1 in inputs, which can be observed by inspecting
, we have on the left hand that the summation over all input derivatives times the input is equal to the original distance function, and as we are evaluating at the optimum the distance function is equal to 1; hence
Therefore, the marginal cost is equal to the partial derivative of the input distance function with respect to the same output, but with the opposite sign and multiplied by the value, which is the total cost.
Another important derivative property of the distance function is the returns to scale measure. In general the scale measure indicates the proportion that output changes given a change in inputs. Thus if we have ( , ) 1
, the returns to scale measure would be:
. Applying the implicit function rule we have:
where we apply Euler's theorem in the numerator in moving from the second to the third equality, as we use the linear homogeneity in inputs property of the distance function again.
IV.-Empirical Implementation: A consistent stochastic distance function approach
Probably the first empirical attempt to estimate a stochastic distance function can be found in Grosskopf and Hayes (1993) . The authors estimate 1 ( , )
, where ( ) D ⋅ is approximated by a flexible functional form, in this case a Generalized Leontief (GL), and the residual is composed of a one sided error , and v which is a mean zero random noise; therefore is 0 u ≥ (1 ) u + λ as defined in (13). The residual u (although with a wrong sign in this paper) is estimated using the third moments of the OLS residual as suggested by Aigner et al. (1977) , the seminal paper of the stochastic frontier literature. This approach was not further pursued, first because x's under the cost minimization hypothesis are endogenous (we expand on the endogeneity issue below), and the left hand side variable is a constant.
Following attempts at econometrically estimating a distance function exploited the linear homogeneity of the distance function and started from 0
another expression for (13). Applying logarithms, rearranging, and adding the unbiased noise ( ), we get:
In this expression ln λ is u the one sided error term, and ln ( ) D ⋅ is approximated by the Translog flexible functional form. Expression (18) can be estimated with stochastic frontier 13 methods (see Kumbhakar and Lovell (2000) ) which maximize the joint likelihood of the one 14 cause the different outputs contain sided error (assumed to be distributed half normal, truncated normal, exponential or gamma) and a normally distributed random noise v. This is the methodology applied by most studies which attempt to estimate a stochastic distance function 4 .
In this study this approach can not be followed be zero as a value, and in particular one output, the non-farm sector will contain zeroes in many rural households. There are alternatives like replacing zeroes with arbitrarily small units, or replacing the logs with arbitrarily large negative numbers. The problem with this type of solutions is that they are arbitrary, and the choice affects the estimated properties of the technology. Thus, we have to use a functional form which does not apply a log transformation, like the Generalized Leontief, the Generalized Quadratic, or the Generalized
McFadden. In this case we could estimate:
owever, the "true" model as defined by (13) is
Q , therefore the one sided error term in this case is:
rom (20) 
Assessing the Inconsistency
To assess the magnitude and direction of this asymptotic bias let us consider the simplest possible linear distance function with two inputs and one output.
ere the error e is composed of a mean zero i. 
x to be small.
In conclusion we expect the OLS and the stochastic frontier estimation of a linear input distance function to be inconsistent, with output elasticities being the most unreliable.
A possible way out of this inconsistency is to estimate the derivatives of (19), which would not depend on λ . This approach involves estimating forms of (16), or ratios of these first order conditions, as suggested with different implementations by Atkinson and Primont (2002) and Coelli et al. (2007) , and is equivalent to estimating input demands or cost shares which are first derivatives of a cost function. In the case of the distance function the derivatives are price shares; however, this approach requires knowledge of the prices of all relevant inputs to deflate prices by total cost. Again, this is an approach not available to us, we have prices of marketed inputs, but not all inputs have working markets, as is pointedly the case of the labor input.
We hence propose to estimate the distance function with the following equation:
inear omogeneity property, and where v is obviously the mea which follows directly from (13) after normalizing by an input and applying the l h n zero random noise. We estimate λ , by calculating the Farrell input oriented technical efficiency (Farrell (1957) 
here we are implicitly assuming constant returns to scale. It is easy hypotheses like non-increasing returns to scale, non-decreasing returns to scale, or variable 
which can be solved using the simplex method. The DEA method has evolved healthily since its early simple formulation as we use here, to calculate other economic relations beyond nometric identification of technical efficiency like technical change, allocative efficiency, etc.; but has also suffered criticism. The two main criticism that are exclusive to DEA methods and do not apply to the stochastic frontier approach is that it is not a statistical approach and therefore the battery of hypothesis testing tools can not be applied. The other big criticism is that its results are too sensitive to outliers. This is a contested criticism, because outliers also affect standard regression analysis as well; however here the frontier and the relative efficiency of all the rest of the observations may be affected by one bad observation, while in regression analysis the bias of the outliers is mitigated by the rest of observations.
The method we propose to estimate an input distance function as described in (23) is not ideal. An ideal method would allow for the direct eco λ . The other drawback of the proposed method is that it is computationally intensive. The benefits of the proposed approach are that it does not rely on an assumption about the distribution of technical inefficiency and the other hand is consistent. The stochastic frontier methods are not the ideal either, because lambda is econometrically identified, but indirectly, and only after making a distributional assumption about it, that may or may not hold. We will return to the drawbacks of distributional assumptions when we benchmark our results, but we can postulate that the higher the inefficiency λ , the higher the effects of assuming the wrong distribution.
Endogeneity of Regressors
If the cost minimization hypothesis holds, then as can be seen in (14) outputs can be taken as dogenous. Thi sertion may sound a bit controversial, when one exogenous, but inputs are en s as thinks that production units choose both the inputs and outputs. This is true, however, under the cost minimization hypothesis, production units choose (i.e. are endogenous) input (demand) schedules for any positive output bundle. It is in this sense that outputs are exogenous under the cost minimizing hypothesis. As inputs are endogenous, early attempts at estimating a stochastic distance function used instrumental variable (IV) methods. However, Coelli (2000) showed that under the cost minimization hypothesis, the distance function estimated as (18) provides There is a cost, however, to choosing the input with which to normalize the distance function. Although in theory consistent choose input it does not m tter which input is used to normalize the function, a in practice it matters and results vary. This is a topic that the econometrician usually chooses to ignore, but has been discussed in the context of cost function estimation where it has been recognized that the chosen normalizing input (when linear homogeneity in prices of the cost function is imposed) significantly affects the estimated technology 7 . This is why Kumbhakar and Lovell (2000) suggest normalizing the distance function by x , i.e. the Euclidian norm of the input vector. Although this is a reasonable choice that elim tes the arbitrariness of the normalizing input choice, it is not clear that this normalization allows for a consistent estimation of the parameters of the underlying technology. Thus, in order to eliminate this arbitrariness, while at the same time exploiting the full variability of our data set, we propose to estimate the distance function in a system of equations:
in which we obviously impose the restrictions that all parameters of the linear approximation nd four inputs + (27).
The specification described in (27) only imposes linear homogeneity in inputs, which is of the distance function are equal across equations, and we exploit the cross equation error correlation in a maximum likelihood System of Unrelated Regressions (SUR).
In this study we approximate the distance function (with four outputs a as described below) with the following flexible functional form, which is a form of Generalized Leontief: estimate output jointness, they allow for these cross-output effects to be scale dependent, as the cross derivatives and elasticities will depend on both output and input level. This scale dependence is a desirable property, because one would expect that cost complementarities if they exist would probably be more important at lower scales of production.
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V.-Data and Results
We use household level data coming from the Ghana Living Standard Survey Round 4 (GLSS4), a nationally representative multi-purpose household survey. In order to ensure national representativity, the survey uses the 1984 Demographic Census enumeration areas (EA) as primary sampling units, which in total sum to 300 EAs. A fixed number of 20 households were selected as secondary sampling units 8 . As it has been pointed out by the authors of the survey, this sampling frame, though quite old and inadequate, is the only available in the country (Ghana Statistical Service (1999)).
Of the 6,000 observations, 3,799 households correspond to rural areas. In this study we focus on farm households (with positive owned or operational landholdings) which reduces the sample to 3,165 observations. However, not all these observations could be used. A large amount of households did not report the level of key inputs and/or outputs or other important control variables. Further, we had to deal with outliers, i.e. observations for which there was likely a problem of misreporting (see details of our treatment of outliers in the Appendix).
Our final sample then consists of a cross-section of 2,138 rural households.
Farms in our dataset undertake several activities, producing both farm and non-farm income. We computed three farm output measures, cash-crops, food crops, and livestock and other crops. These three farm outputs are measured as indexes: total value of the household output divided by the cross-section median 9 . Livestock output has been computed as the sum of in-cash and in-kind incomes from livestock produce (eggs, milk, dairy products, etc.), plus sales and rents of livestock and the value of own consumption of livestock and its produce.
Off-farm output is measured as the sum of all non-farm revenues. These include all household non-farm enterprises revenues, incomes produced by selling water and renting/sharecropping land, and wages from employment (including agricultural employment). Table 2 provides a brief overview of the structure of farmers' production in Ghana.
Food crops prevail in most regions, except in those characterized by urban agglomerates,
where not surprisingly off-farm incomes make up approximately 40% of the total value of production. Livestock does not seem to be of great importance in the country, since on average it accounts for 6.5% of the value of production. The components of non-farm income 8 Stratification was done according to ecological zones and then further dividing locality into urban/rural. An EA is considered to be urban if it had a population greater than 1,500 people during the 1984 population census. 9 We constructed pure quantity indexes as well. However, in Ghana many traditional and non-standard units (in the sense that they vary by region, like "box") are reported in the survey, not all of them with known conversion factors to standard volume or weight units. Thus the construction of these indexes required many assumptions, and estimations, which is why we feel much comfortable about using value as a proxy of quantity. Further, a sensitivity analysis below explores the effects of this choice.
are detailed in Table 3 . The non-farm enterprises category considers any business or trade not related to agriculture operated by household members, including self-employed professionals or craftsmen. This category largely accounts for most of non-farm income, independently of the region of residence. A high contribution is given also by wages from employment, particularly in the southern regions where it reaches 20% of non-farm income. Revenues generated from the sale of water and from renting out and sharecropping-out land appear to be very marginal. In some regions though, it seems that sharecropping has a tangible impact on off-farm incomes. Nonetheless both (water sales and land-leasing income) show very high variability coefficients, indicating, that although overall the importance of these income sources is low, for a limited number of household these are important sources of income.
Finally, remittances are the main source of non-farm income in the Northern and poorest regions of Ghana.
With respect to inputs, we have constructed four indexes by dividing the measures of land, labor, livestock and operating expenses by their respective sample median. Land is given by the number of acres operated by the household members and may include any plot which has been owned, rented in and sharecropped in, all of which amount to land that is used as an agricultural input. We also add to this measure the land that has been rented-out or sharecropped out which is the land that is used as an input of non-farm income.
Labor employed is proxied by the family members 12 years or older. Obviously we would like to use effective labor employed, i.e. hours used in the farm and non-farm activities, but this information was only recorded for the household non-farm enterprise. In absence of effective labor we use family labor supply as a proxy. Livestock units (as an input stock) are evaluated at the sale price (see details in the Data Appendix). Lastly, we account operating expenses, by adding all purchased inputs, which include expenditures on inputs such as energy, fertilizers, seeds and the like.
In Table 4 we describe input usage by Ghanaian farms. We can see that there is not much variation in the labor input, which mean is concentrated around 2. Further it can be pointed out that plots are on average very small in almost every region and that their variability is also quite low. This means that in our study we are considering a sample of relatively homogeneous small farms 10 . Much more variability is present instead in the two other input measures, although some of this variability is price driven. We also observe, as expected, a positive correlation between regions with high livestock input usage and higher livestock output.
In addition to inputs and outputs, the distance function is estimated with several control variables. We used regional dummies to control for unobserved region-level differences and dummy variables related to land, to check whether owning and/or renting out plots affect the efficiency of the productive process. Further we inserted household characteristics, such as a dummy whether a female is the head of the household, the age of the head of the household in linear and squared terms, a housing index to control for the quality of the house, the highest level of education within the household, the minimum distance to a school and a dummy variable whether the household has a formal loan.
The Results
Table 5 presents the estimated coefficients by maximum likelihood of the system represented by (26) and (27). The system has a very good fit as reflected by the fact that most technology parameters are highly significant. We first note that most controls, with the exception of age have the expected sign. In this case female headship and distance to markets (proxied by distance to schools) are associated with higher technical inefficiency, while education, housing quality, and formal loans are all associated with higher technical efficiency. However, only education, female headship, and land ownership are statistically significant. Age is surprisingly correlated (although not significantly) with more technical inefficiency, but at a decreasing rate. We also acknowledge there could be reverse causality,
i.e. households have members achieving higher education because they are more efficient.
Input technical efficiency as estimated in a first stage by the DEA method yielded rather surprising results. We expected, due to low general levels of education, missing and imperfect markets to find high inefficiency, but the average level of 0.18, as shown in Table   6 , was rather surprising. These estimates signify that on average input sets could be proportionally contracted to 18% of their original levels and still produce the same amount of output. At the same time the high variance of technical efficiency shows that households were distributed all over the feasible range (0,1] as shown in Figure 2 . Furthermore, efficiency is not correlated with farm size, as could be conjectured, as a matter of fact smaller farms are more efficient than larger farms as we explain in more detail below.
The output elasticities, presented in the first column of Figure 1 . The difference between, this technically efficient set, point B in the figure, and point C, the cost minimizing set, is called allocative inefficiency. It is hard to talk about allocative inefficiency when input markets are clearly not fully working, which is why we do not try to estimate it. Under the shadow cost prices, operating expenses and labor account for an equal share of total output costs around 37%, while land amounts to 23%, and livestock account for less than 1% of total costs. Livestock however is an important input for smaller farms, up to 5 acres, accounting for 6-10% of shadow costs of small farms of less than 2.5 acres (as shown in Table 8 ).
The cross output elasticities presented in Table 7 , indicate that cost complementarities are present among all outputs. This indicates the opportunity for important economies to diversification for rural household. The most important cost complementarities are among, not surprisingly, food crops and livestock, the activities in which the diversified rural households are mostly employed (i.e. specialization in cash crops is more likely). Next in importance are the cost complementarities between food and cash crops. Non-farm complementarities are the third in importance, particularly with food crops, and livestock production.
Another important consequence of participating in non-farm activities to consider is its effect on input demand. It is frequently argued, see Katz and Stark (1986) and Haggblade et al. (2007) for example, that income from non-farm activities, including remittances from migration, serves to alleviate credit constraints. If this was the case, we would expect to find that expansions in non-farm output would cause increases in farm input use. In Table 8 we show the implicit input partial demand elasticities obtained from the distance function 11 . Both purchased inputs and workers, which are shared inputs, expand with non-farm production; but more importantly, land, which is an exclusively agricultural input, also expands with nonfarm production. This observation is consistent with the hypothesis of cash constraints.
Similarly, we also find important differences in the ratio of marginal costs between farm sizes. If we take the ratio of marginal costs of food crops with respect to non-farm activities, or cash crops with respect to non-farm output, we find that in both cases this ratio is higher for the overall sample than for smaller farms under 5 acres, implying that smaller farms get involved in non-farm activities at lower levels of relative productivity. This result as (12) suggests is consistent with the hypothesis that small farm households face cash-constraints.
Both observations, positive partial input demand elasticity with respect to non-farm output, and the lower relative productivity of non-farm activities in smaller farms are not a proof of cash-constraints, but observations that are empirically coherent with this hypothesis.
Finally, we explore the effects of non-farm production in overall input efficiency. We estimate a closed-form regression trying to explain the determinants of input-oriented technical efficiency. We use control variables, and output measures of farm and non-farm production, on which we focus. In the first column of Table 9 , we show as a benchmark the results of estimating the closed form model with standard OLS procedure. These results are not reliable, because there is a serious problem of endogeneity in the sense that more inputefficient farms, ceteris paribus, produce more and vice versa. Thus, the statistically positive partial correlation reported in the first column for both output measures is actually expected.
When we control for the endogeneity of output, estimating in a first stage a simple CobbDouglas production function to use predicted output levels (column 2) we find that farm output is actually negatively and significantly correlated with efficiency (note that this is consistent with Table 8 , which shows that on average small farmers are more efficient than larger farmers). Non-farm output, on the other hand is marginally positively correlated with more efficiency, however this is not a robust result as it depend on the estimating procedure, as column 3 shows, where non-farm output is not significant when estimated with a 3-stage 23 11 The partial input demand elasticities can be obtained by totally differentiating first order condition (16), and can be shown is equal to:
This expression is highly non-linear in the regression coefficients estimated, which prompted us into using bootstrapping techniques for hypothesis testing throughout this paper. 
Sensitivity Analysis
An important issue to explore is if the land elasticity is mis-calculated due to differences in land productivity. We try to control for this unobserved characteristic by estimating the system with enumeration area dummies, which will capture cluster level differences, among them, variations in land productivity. In unreported regressions we find that when cluster dummies are used surprisingly the land elasticity does not change significantly, but it is the livestock output elasticity the only one which is significantly reduced.
Another, issue that requires further examination is our use of production values instead of value-free physical measures of output. If prices where constant throughout Ghana, this would be an innocuous choice; however, prices are likely to vary a lot, particularly by distance to markets. We expect that for isolated farms the per unit value of agricultural output to be much lower than for farms close to markets. We explore the consequences of this price differences assuming that for farm i the gate price of output, 
, and explored the sensitivity of the estimated results to different levels of α . Distance to markets was proxied by distance to schools, and we deflated crop and livestock values (input stocks and output), and inflated the cost of purchased inputs. In unreported regressions we found that most elasticities reported in Table 6 , are surprisingly robust, except for the output elasticity of food-crops ( ), which is very likely underestimated. This result is sensible, as precisely those more isolated farms will specialize in food crops, not is cash crops, because of distance to markets. If the gate value of food crops of these distant farms is lower, we are underestimating their output level, and consequently overestimating the marginal cost of their production. Consequently, this overestimation of the marginal cost of food-crop production together with the robustness of the other elasticities means that we are likely underestimating scale economies, and as we increased the 2 Q α , the scale-economies became larger, and statistically larger than 1.
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Benchmarking Results with Stochastic Frontier Estimation
The second column of Table 6 shows the elasticities of distance function (27) estimated with a half-normal stochastic frontier model, as described in (19). The results indicate that the halfnormal stochastic frontier model clearly fails to estimate the underlying technology. The implicit negative marginal costs and implausibly high implicit returns to scale estimated are violations of basic economic behavior. We believe that the linear stochastic model fails for three reasons. First, as shown above, the linear stochastic distance function estimation is inconsistent, and this inconsistency is proportional to the level of inefficiency, which in our case is high; therefore estimates are highly inconsistent. In particular, as predicted in section IV, all output elasticities are overestimated (compared to our consistent SUR estimates), leading to negative marginal costs and unfeasibly high scale economies.
Second, a posteriori we can see that the half normal distribution of the input distance is an inadequate assumption. The DEA technical inefficiency measure could be questioned regarding levels given the treatment of outliers. However, the underlying distribution of efficiency calculated and shown in Figure 2 is harder to question. This distribution can not be fit by a half-normal or exponential distribution, as shown by a simulated half-normal distribution in the same figure. The third reason for the failure of the stochastic frontier model is that the input distance is too high. Stochastic frontier methods are an elegant way to ask the residual for the level of technical inefficiency. If the level of technical inefficiency is too high, the method may be asking too much to the residual. The econometric lessons learned in this study call for care when using stochastic frontier methods in the context of microeconomic development analysis.
VI.-Conclusions
Perhaps the most important finding of this study is not related to non-farm activities, its original focus, but the surprisingly low overall efficiency of Ghanaian farms. This has important implications for the discussion of agricultural technology for Sub-Saharan Africa.
The numbers presented in this paper suggest that the challenge is not to develop new technologies for Africa, but rather to enable the adoption of existing technologies. Another important finding regarding the overall Ghanaian rural economy is the likely presence of increasing returns to scale in household production. On the one hand it means that there are important gains to be attained in the economy by increasing scale of production, but it is also an indicator that markets are not working, and that there are obstacles that hinder households, farms and small business from achieving their optimal scale of production.
With regards to the focus of our study, the non-farm activities, we found that overall the sector allows for significant economies of diversification for rural households. However, we do not know how large these linkages are relative to cost complementarities present in the households of other developing rural economies. Furthermore, the other important question is to compare these micro level linkages with other macro/sectoral level linkages. It would be important from the policy perspective to know which types of linkages are more important within an economy, to properly target development policy. We also found marginally significant effects of non-farm production on overall household efficiency; but at the same time, we are sure that non-farm production is not negatively correlated with efficiency as is the case with farm production. Also, this study presented diverse evidence consistent with the hypothesis of the non-farm sector easing household cash-constraints. Although this hypothesis requires further examination, it provides yet another argument to provide an enabling environment for the development of the non-farm sector.
Finally, the different estimation techniques explored in this investigation call for the attention of the practitioner when using stochastic frontier models in the presence of high levels of technical inefficiency. When inefficiency is high, the effects of making wrong assumptions about the distribution of technical efficiency may have, as we showed, serious effects on the estimated parameters. & GLSS4 and Ghana Statistical Service (2000) . Agricultural production indexes from FAOSTAT. 
Data Appendix
Our three farm outputs -cash crops, food crops, livestock and other crops -are measured as total value of production. Cash crops, as identified by the survey, include cocoa, coffee, pineapple, sheanut/butter, cola nut, cotton, tobacco and sugarcane. On the other hand food crops include any roots, fruits, vegetables and other crops harvested piecemeal. Within this category maize and rice have also been included, even if in other countries these two products are more likely to be considered as cash crops. In the third farm output aggregate we have summed up livestock and other crops value of production. As we discussed above, livestock is defined as the sum of in-cash and in-kind incomes from livestock produce, plus sales and rents from livestock and the value of own consumption. Other crops instead include kenef, rubber and wood. This residual category of other crops presents generally very low values. Therefore even for the few households which have positive levels of other crops, it does not alter the interpretation of this aggregate as mostly the livestock output. With respect to the livestock as an input, we tried to convert different species to a common livestock unit. The concept of Tropical Livestock Units (TLU), for example, provides a convenient method for quantifying different livestock types; however, we do not have all the conversion factors for livestock species present in rural Ghana. Thus we first explored the possibility to value livestock at their sale price, i.e. value of the sales divided by the quantity sold. Then we imputed the median price of the cluster to those observations which lacked either sale values or quantities or both of them. With this method we had to recur to imputation for a large number of observations. Therefore we decided to value livestock at the price the household member thought was the sale price. We also calculated the mean level of input by calculating initial and ending period livestock levels. The final livestock level corresponds to the livestock in hand when the household was surveyed (k(1)). The number of units owned at the beginning of this period (k(0)), was obtained by adding the sales and subtracting the purchases that occurred within the previous twelve months. Then we measure the mean livestock units as the simple average of the initial and ending stocks. Observations with negative average values, as well as with estimated negative initial stocks were dropped.
Operating expenses include both agricultural and non-farm enterprises expenditures. In the survey agricultural costs are divided into crop costs, livestock costs and fishing costs. Crop costs include the yearly expenses for several inputs such as fertilizers, insecticides, herbicides, storage, seed and seedlings, irrigation, bags, petrol/diesel/oil, transport, renting animals and equipment, spare parts and hired labor. Livestock costs include animal feed, veterinary services, paid labor, maintenance of stables, transport of feed, commission on sale, compensation for damage. Here we did not take into account the cost of land-leasing, since we have already used plots' size in acres as the variable which measures land usage.
As far as the control variables concerns, the housing quality index was created through principal component analysis, where the variables used are the source of water, the source of light, the source of energy, the materials used for the walls and the roof, and the bathroom facility type. We retained the first three factors, whose eigenvalues were equal to 3.29, 0.98 and 0.91. In practice our choice was not very far from the Kaiser criterion, which suggests the retention of factors with eigenvalues greater than 1. In this case we would extract at least as much as the equivalent of one original variable. The cumulative variance explained by the first three components is equal to 74%, which is not overwhelming but substantial.
Finally, the issue of outlier observations was tackled in several steps. First, we constructed measures of partial productivity such as the total value of production divided by land usage, number of workers, and operating expenses. Outliers were defined as units with a partial productivity index greater in absolute terms than the median plus three times the standard deviation. Secondly, we ran a regression of the logarithm of the total value of the output over the logarithm of the inputs and some control variables. As we did in the previous outlier check, units with the residual greater in absolute terms than three standard deviations were considered outliers.
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